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RESEARCH MEMORANDUM

CALCULATIONS OF THE DYNAMIC LATERAL STABILITY
CHARACTERISTICS OF THE DOUGLAS D-558-IT ATRPLANE IN
HIGH-SPEED FLIGHT FOR VARTOUS WING LOADINGS AND ALTTTUDES

By M. J. Queijo and Alex Goodman
SUMMARY

An investigation has been made of the dynamic lateral stability’
characteristics of the Douglas D-558-II airplane at high speeds by means
of calculations of the period and rate of damping of the latersl oscil-
lation. The aerodynemic derivetives used in calculations applicable to
subsonic speeds were obtalined by epplying theoretical compressibility
corrections to values measured on a 0.1l3-scale model of the Dougles
D-558-II in the Langley stability tunnel. The derivatives used for the
supersonlic speed range were estimated by theoretical procedures. The
results indicate that the lateral oscillation of the sirplane 1s expected
to be poorly demped within the Mach number range from 0.6 to 1.0. Within
this range, approximetely neutral damping is Indicated for the basic con-
dition of the airplane for a wing loading of 60 pounds per square foot
and altitudes of 40,000 and 50,000 feet. Improved damping character-
istics are indicated at Mach numbers sbove 1.0; however, the present
Bureau of Aeronautics criterion may not be satisfied for any of the con-
ditions investigated.

The damping of the lateral oscillation was found to bée critically
dependent on the inclination of the principal asxes. Rotation of the
axes by 2° (downward at the nose of the airplane) from the inclination
assumed for the basic condition resulted in an indication of dynamic
instebility for some flight conditions within the Mach number range
from 0.6 to 1.0.

For the assumed varlstion of the moments of inertia and inclinstion
of the principal axes with wing loading, the lateral oscillation became
more highly damped as the wing loading increased.

The results of the calculations showed 2 rapid decrease in the

period of the lateral osclllation with increase in Mach number through -
the subsonic speed range and a slower decrease through the supersonic

speed range.
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INTRODUCTION ) : . -

The dynamic lateral stability characteristics of the Douglas
D-558-I1 airplane at subsonic speeds have been the object of several
analytical and experimental investigations. One such analytical investi-
gation (reference 1) indicated instability of the lateral oscillation
for certain airplane configurationé. These results were in fair agree-
ment with data obtained from preliminery flight tests of the airplane
(reference 2). The present investigation is concerned with the exten-
sion of the calculations of the dynamic lateral stebility to Mach
numbers, altitudes, and wing loadings beyond the scope of reference 1.

It is to be expected that the calculated dynamic lateral stability
characteristics of the airplene at transonlc and supersonic speeds cannot
give an accurate quantitative messure of the stability of the actual air-
plane because of the uncertainties which exist 1n estimating the sero-
dynamic derlvatives in these speed ranges. The results should, however,
give a qualitative indicatlon of the effects of varlous parsmeters on
the airplane lateral stability characteristics for the conditions inves-
tigated. The calculetions were made for the airplane configuration
incorporating the vertical tall with its extended tip (fig. 1). All the
subsonic aerodynamic derivatlves used in the present investigation were
based on low-speed subsonic derivatives measured in the 6-foot-dismeter
rolling-flow test section and the 6- by 6-foot curved-flow test section
of the Langley stability tunnel. The supersonic derivatives were
obtained from avalleble theory.

SYMBOLS AND COEFFICIENTS

The symbols and coefficients used herein are defined as follows:

b wing span, feet

H altitude, feet

Ixo momentaof inertis sbout principal longitudinal axis, slug-
feet

Iz, moment of inertis sbout principal normal axis, slug-feet2

kxo radius of gyration about principal longltudinal axis, feet

kzo radius of gyration sbout principal normal saxis, feet
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Mach number v )
T.ocal speed of sound

period of latersl oscillation, seconds

rolling angular velocity, radians per second

dynamic pressure (%pvz) )

yawing anguler velocity, radians pef second
wing area, square feet

time required for oscillation to reduce to half aemplitude,
seconds

time required for lateral oscilllation to double amplitﬁde,
seconds

airplane velocity, feet per second

welght of airplane, pounds

angle of sttack of airplane reference axis (fig. 2), degrees

engle of sideslip, radians -

engle between fuselage center line (reference axis) and
principal axis, positive when reference axis is above

principal axis at nose of airplane (fig. 2), degrees

basic assumed values of €, degrees

“inclination of principal longitudinel sxis of airplane with

respect to flight path, positive when principal axis is
above flight path at nose (fig. 2), degrees

mass density of air, slugs per cubic foot

trim. 1ift coefficient (W/qS)

aterasl force
as )

latersal-force coefficient (L



Czs

CY?

Yawing moment

yewing-moment coefficlent (

qSb )

Rolling moment

rolling-moment coefficient (

gSb

)

NACA RM L50H16a
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SCOPE AND METHODS

The investigation reported hereln includes the determinetion of the
effects, of Mach number, wing loading, and altltude on the dynamic lateral
stability'characteristics of the Douglas D-558-IT research eirplene in
the clean condition (slats, flaps, and gear retracted). In addition, the
effects of variation in principal-axes inclination by 129 from base values
also were investigated. This latter variation was studied hecause of the
uncertainty which generally exists with regard to the principal-axes
inclination. The ranges of the various parameters were as follows:

Mach number from 0.5 to 1.7; wing loadings of 60, 76, and 92 pounds per
square foot; and altitudes of 30,000 feet, 40,000 feet, and 50,000 feet.

All calculations were made for level flight by use of the lateral
equations of motion as given in reference 3. The quantities calculated
were the period and rate of damping of the lateral oscillation and the
rate of dsmping of the aperiodic modes of motion (spiral and roll).
Power effects were believed to be small for all the conditions investi-
gated and hence were neglected.

MASS CHARACTERISTICS

The estimsted mass characteristics of the airplane at various wing
loadings were obtained from estimates made at the NACA High-Speed Flight
Research Station, Edwards Alr Force Base, Muroc, Cellf. Examinstion of
these charascteristics indicated a systematic variation of the airplane
moments of inertis and inclination of the principal axes with wing
loading. Average curves were drawn through the given points, and values
were taken from the average curves (fig. 2) for the specific wing loadlngs
investigated.

AERODYNAMIC CHARACTERISTICS

Results of Low-Speed Wind-Tunnel Tests

The subsonic stability derivatives used in this investigation were
based on values measured on a 0.13-scale model of the Douglas D-558-IT
girplane in the Langley stability tunnel at & Mach number of 0.16 and a
Reynolds number of 1.1 X 106. These data are shown in figures 3 and L.
The wind-tunnel investigation also included the determination of the
static lateral-stabllity derivatives of the model with the vertical tail
off (fig. 4(a)). The measured data for the Douglas D-558-IT model show
the usual departure of the derivatives from their initisl trends at
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moderately low angles of attack - a phenomenon generally associated with
low Reynolds number tests. Since the airplane flight Reynolds number is
considerably higher than the test Reynolds number, the low angle-of-attack
trends of the data were extended to higher angles of attack. It is
believed that the curves thus obtained may represent the airplane char-
acteristics more closely at high angles of attack than do the measured
characteristics.

Estimated Mach Number Effects

Compressibility corrections were spplied only tc the increments of
the aerodynamic derivatives contributed by the wing and vertical tail.
The wing and vertical-tail contributions to the lateral-stability deriva-
tives (at low speeds) were separated by use of the data of figure U4 and
equations (similar to those of reference 4 but with rolling parameters =
corrected for sidewash as indicated by reference 5) for the vertical-
tail contribution to the derivatives. Compressibility corrections were™
applied in the subsonic speed range (up to M = 0.9) as indicated by the
charts of reference 6. The variation of the airplene lift-curve slope
with Mach number is shown in figure 5. The subsonic values of the 1lift-
curve slope and a value at M = 1.2 were obtained from reference T.

The curve in the supersonic speed range was estimsted by use of the
methods of references 8 .and 9. The variation of the vertical-tail 1lift-
curve slope with Mach number is also shown in figure 5. The value

at M =0 was estimated from the Cyg values of figure 4(a). The
calculated value of CLa of the vertical tail and the geometric sweep

angle then were used in conjunction with reference 10 to determine an
effective vertical-tail aspect ratioc. The effectlve aspect ratio
(approx. 1.4) and geometric sweep angle were used with references 6
and 8 to determine the variation of the tall CL, with Mach number

throughout the Mach-number range investigated. The theoretical values
in the transonic and supersonic speed ranges were then reduced to dbring
them In closer agreement with availsble data on low-aspect-ratio wings.

The wing contributions to the various derilvatives at supersonic
speeds were estimated with the aid of references 8, 9, 11, 12, and 13.
The vertical-teil contribution to the derivatlves was estimated by use
of figure 5 and equations similar to those of reference b4 with a side-
wash correction applied to the rolling derivatives as indiceted by refer-
ence 5. The lack of experimentsl supersonic data for the aerodynamic
derivatives of models similar to the Douglas D-558-II airplane has made
verification of the calculated derlvatives impossible; however, the deriva-
tives were estimated by the best procedures available and show a reasor
able variation with Mach number (fig. 6)
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Two sets of derivatives were available for any particular flight
condition at moderate and high angles of attack; one set was based on
the measured low-speed derivatives (referred to as "basic date"), and
the other set was based on the curves obtained by extending the low-
speed date so that the low angle-of-zttack trends of the data were msin-
tained at high angiles of attack. Corresponding sets of calculations of
the period and rate of damping were made for conditions where the two
sets of derivatives differed messurably.

All the aserodynamlic and mass charecteristics for the condition
€ = €, are presented in table I. The characteristics are exactly the

same for the conditions € =€, - 2° and ¢ = ¢5 + 2° with the excep-

tion of the values of € and mn. The values of 1 corresponding to
eny value of ¢ can be found from the relation 71 =a - ¢.

CALCULATED DYNAMIC LATERAT. STABILITY CHARACTERISTICS

The calculasted perlod and rate of damping of the lateral oscillatlion
Tfor each condlition investigated are given in table II. No results are
presented for the aperiodic modes of motion since these modes were stable
in 811 but a very few cases, and in those conditions the rate of diver-
gence was very low.

The varlatlions of the period and rate of damping of the lateral
oscillation with Mach number are shown in figures 7, 8, and 9 for several
wing loadings, altitudes, and inclinations of the principsl axes. All
curves of these figures show spproximately the same general varlations
with Mach number. Quantitatively, however, the variations of the period
and rate of damping with Mach number and the effects of wing loading and
altitude depend to a large extent on the assumed inclination of the
principal axes.

Variation of Period and Damping with Mach Number

The results of this Investigation (figs. T, 8, and 9) show a
maeximum period of zbout three seconds at low Mach numbers and a decrease
in period with incresse in Mach number. The rate,of decrease of the
period is quite rapid in the subsonle and tramsonic speed ranges but
somewvhat Jless rapld at supersonic speeds. The shortest period calculated
was gbout 1.5 seconds and was generally obtained at Mach numbers above 1.1
for all conditions investigated. Variatlons of wing loading, altitude,
or principal-axes inclination had no apprecisble effect on the varlation
of the period with Mach number. 1In genersl, the trends of the variation
of the rate of damping of the laterel oscillation (T1/2 or TE) with Mach
number were the same for all wing loadings, eltitudes, and principal-axes
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Inclinations investigeted. The results show a fair degree of stability
(small Tj/p) et the lowest and the highest Mach numbers. The degree of

stebility at intermediate Mach numbers depended somewhelt on the wing
loading, altitude, and assumed inclination of the principal axes, and
less stabllity was generelly indicated at these Mach numbers than at the
highest or lowest Mach numbers. The results of the calculation near
Mach number 1.0 are questionable because of the uncertainty which gener-
ally exlsts with regard to estimated aerodynamic derivatives in this
speed range.

Effect of Wing Loading

An increase in wing loading caused an epprecigble increase in the
rate of damping of the lateral osclllations for all subsonic conditions
investigated but had very little effect at supersonic speeds. It should
be noted that in this investigation the mass characteristics used were
such that the radii of gyration and the principal-axes inclination of
the airplane varled simultanecusly with wing loading; therefore, the
effect of wing loading is not comparsble to the effect previocusly
reported (referehce 1) in which the radii of gyration and the inclina-
tion of the principal axes were assumed to be independent of wing loading

Effect of Altitude

An increase in altitude caused a decrease in stability throughout
the Mach number range for all wing loadings and principal-axes inclina~
tions considered. The decrease 1ln stebility appeared to be of little
importance for the heavier wing loadings (76 and 92 pounds per square
foot), generally amounting to sbout only 1 or 2 seconds in Tl/E- At
e wing loading of 60, however, the effect of altitude was a little more
pronounced.

Effect of Principal-Axes Inclinstion

The results of this investigation indicate that the inclinstion of
the principal axes is a primary factor in determining the stability
characteristics of the Douglas D-558-I1 airplane. With the most favor-
sble inclination assumed (¢ = ¢, - 20), the calculations indicated a
fair degree of stebility for the wing loadings and altitudes considered;
whereas, for the most unfavorsble inclination (e = €o + 2°), the air-
plane generally was marginally stable at subsonic speeds and either
marginally stable or actually unstable at transonic speeds.
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Effect of Using Date from Extended Curves

It was mentioned in the section entitled "Aerodynamic Characteristics”
that the trends of the measured derivatives of the Douglas D-558-I1 model
et low angles of attack were extended to high angles of attack in an
attempt to make the date (obtained at low Reynolds number) more applicable
to the greater £light Reynolds numbers of the full-scale airplane. At
moderate and high angles of attack, it was possible to obtaln two sets
of derivatives; one set based on the measured data (referred to as "basic
data”) and the other set based on the extended curves. Corresponding
sets of calculations were made for all conditions in which the measured
data and extended curves differed measurebly. The data of figures 7T,

8, and 9 show that the use of extended derivatives gave approximately the
same period and rete of damping of the latersel oscillation as. did the use
of the basic derivatives. In general, the use of values from the extended
curves decreased slightly the rate of damping of the oscillation.

Effect of Neglecting the Parameters Cryy and/or Cy,.

In making dynamic lateral-stability calculations it has been common
practice to neglect CY? and Cy,. because several investigations have
indicated only a small effect of these parameters on P and Tl/é and

because of the amount of labor saved by neglecting them. The present
computations were made on an automstic diglital computer; therefore, only
a small saving in time and work would have been made by neglecting CYP

and CY,. Because both CYP and Cy, were quite large for several of

the conditions Investigated, this investigation appeared to offer e
good opportunity to evaluate the effects of large velues of these param-
eters on P and Tj/p, at least for one particular configuration. The

results of the calculations are presented for one case only, and that
case (one of marginal stability) is specified by the following
parameters: M = 0.7, IS% = 60, H = 40,000 feet, ¢ = ¢o, Cyy = 0.3k0,

CYy = 0.T27. The results are shown in the following table:

o c P T1/e
¥p tr (sec) | (sec)

0.34%0 ! 0.727 | 2.76) 13.69

0 LT27T 1 2.77 | 1473
340140 2.76 1 13.98
0 0 2.76 | 14.13
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The results Iindicate that neglecting CYP and/or Cy,. for this case
had no substantlel effect on the calculated period and rate of damping.

Comperison of the Calculated Period and Damping with the
Bureau of Aeronautics Criterion for Satisfactory
Period-Damping Relstlonship

The present Bureau of Aeronautics criterion for satisfactory
characteristics of the lateral oscillation (Dutch roll) is contained in
reference 14. The criterion is that the damping shall be positive and
shall be such that the time required to damp to half amplitude and the
period shall fall within the satisfactory area of charts such as those
of figures 10, 11, and 12. The points on the charts were taken from
figures T, 8, and 9 and show that the Douglas D-558-II airplane does not
meet the Bureau's criterion for a great majority of the conditions
investigated. .

CONCLUSIONS

Results of calculdtions of the dynamic lateral stability charsascter-
istics of the Douglas D-558-I1 airplane in high-speed flight indicate
the followlng conclusions:

1. The leteral oscillation of the Douglas D-558-II 1s expected to
be poorly demped within the Mach number range from 0.6 to 1.0. Within
this range, approximately neutral damping is Indicated for the assumed
basic condition of the airplane for a wing loading of 60 pounds per
square foot and altitudes of 40,000 and 50,000 feet. Improved damping
characteristics are indicated at Mach numbers gbove 1.0; however, the
present Bureau of Aeronsutics criterion may not be satisfied for any of
the conditions investigated. ’

2. The damping of the lateral oscillation was found to be critically
affected by the inclinstion of the principal axes. Rotation of the
principal axes by 20 (downward at the alrplene nose} from the inclina-
tion assumed for the basic condition resulted in an indication of dynamic
instability for some flight conditions within the Mach number range
from 0.6 to 1.0.

3. For the assumed variation of the moments of inertis and incline-

tion of princlpal axes with wing 1loading, the lateral oscillatlion became
more highly damped as the wing loading increased.
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k. The calculations showed a rapid decrease in the period of the
lateral oscillation with increase in Mach number through the subsonic
.8peed range and a slower decrease through the supersonic speed range
for all conditions Investigated.

Lengley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Lengley Air Force Base, Va.
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TABLE I.- STABILITY DERIVATIVES AND MASS CHARACTERISTICS

OF THE DOUGLAS D-558-11 AIRPLANE

€ w €g
K |W/s B a € n cL Cyg | Cng Crg | C¥p | Cnp Cip | Cyr Cnp | Cip | kxof? kzofo
0.5| 60}30,000]6.35|3.70| 2.65|0.548)-0.810{0.199}-0.1%0[0.316]-0.010}-0.316{0.673|-0.585|0.1kk [0.124k |0. 3707
.5| 60{30,000|6.35[3.70] 2.65] .5i8|&-.825] .199}8-.155|2.k90 |8-.078] -.316/2.666/|2..569|%. 174 .124k] ", 3707
.51 76|30,000(8.55|1.66| 6.89| .695; -.789] .205) -.108| .3hk2]| -.029f -.230| .635| -.580; .117| .1113] .3620
.5| 76|30,000[/8.55{1.66| 6.89 e..835| .205(|%-.172]®.581 |®-.098(8-.358(|2.600(8-.560{8.190] .1113| .3620
.6} 60]30,000{3.86}3.70] .16 .382/ -.830| .200| -.13%4| .341| -.050] -.303| .698| -.578| .161] .124k| .3T0T
.6] 76]30,000/5.30]1.66] 3.64} .484| -.830] .202| -.1k0j .336| -.035] -.31k| .690] -.581] .160f .1113] .3620
.7| 60]30,000{2.35}3.70{-1.35] .279) -.835] .201] -.126] .322| -:033| -.301| .720| -.599| .157| .12hki| .370T
.T{ 76}30,00013.35(1.66] 1.69] .354] -.841| .205| -.132| .3%2| -.0L6| -.309| .727] -.59%) .166] .1113| .3620
.7 92]30,000(h.28]0 4.28] ko8| -.847| .209| -.137] .345) -.0k8] -.315] .728| -.593] .170| .102T7| .3460
7] 92]30,000(k.28(0 4,28} .hog| -.8u7| .209|8-.143|%.k05 (8- 052 -.315] .728| -.593|%.176( .1027|. .3460
.7l 60{%0,000|k.4553.70| .75 .kk8| -.84k7| .210| -.138] .3%0| -.o0kk| -.317] .72T| -.593| .170| .12kk| .3707
.7| 60|ko,000|5.45{3.70] .75] .448| -.8Lk7] .210[®-.1h5|8.h15(|8-.056] -.317i .727| -.593]|%.1801 .12uk} .3TOT
7| 76[40,00016.10{1.66| 4. 4| 567 -.833) .211( -.248| .328( -.012| -.330% .71l -.605| .160] .1113] .3620
JT| 76|40,000{6.10(2.66| 4.Lh| .567|8-.8L6f .211{8-.260|8.490]2-.073] -.330|2.720(|2-.585|2.195] .1113] .3620
.T| 92i40,00017.65|0 7.65 -.810! .21k4| -.233| .3b41| -.0oL7| -.280| .662] -.600| .1khi .1027| .3460
Tl 92)40,000|7.65|0 T.65] .686|8-.852| .21k{8-.174;2.565|2-.090]|8-.358|8.720|a-.5768|8.210} .1027] .3%60
7| 60|50,000(8.10(3.70{ 4.bo| .T19| -.802| .215) -.124] .3%0] -.025| -.259| .655| -.599| .135] .12k4| .3707
LTt 60|50,000]8.10{3.70{ 4.ko| .719|®-.855| .215(|%-.178j8.585(|2-.095|8-,368{e.Te0} 8-, 5761.215] .12b4| .3707
.8} 60]30,000|1.30|3.70}-2.40] .21h] -.850] .210] -.124] .29%0| -.018) -.313| .736| -.618) .160] .1244] .3707
.8} 76|30,000|2.00|1.66| .3k| .272| -.852| .211] -.136] .326] -.030| -.315| .7tho| -.613] .r7O0| .1113] .3620
.8| 92|30,000(2.65(0 2.65 .329| -.856( .213| -.135] .350(| -.0%0| -.317| .ThO| -.610f .1TT| .1027{ .3L60
.8| 60j40,000|2.85{3.70} ~.85] .343] -.859| .21h| -.137| .338| -.ok2| -.319| .7ho| -.609; .179]| .128k| .3707
.8| 76]40,000{3.90]|1.661 2.24| .43k| -.861| .220| -.1L43| .380( -.050]| -.325| .739) -.604} .190| .1113| .3A20
.B] 60l50,000{5.30|3.70] 1.60] .552| -.867| .225| -.150| .372| -.040| -.337| .73h4] -.608] .190| .12LL| .3707
.9| 60[30,000| .47}3.70|-3.23| .169| -.875( .230| -.122| .255| -.002| -.326| .750f -.640f .168| .12Lu| .3707
.9| 76]30,000| .98|1.66| -.68| .215| -.875| .226] -.130| .289| -.013] -.326| .758| -.638] .176] .1113] .3620
.9| 92|30,000{1.48(0 1.48 -.875| 2251 -.136( .320f -.023] -.330( .763] .63} .185( .1027| .3460
.9| 60(k0,000|1.53(3.70(~2.27| .270| -.873| .225] -.138] .324| -.025| -.330| .765] -.635} .186| .12LL| .3707
.9| 76[40,000|2.30{1.66| .64 .3k2} -.878| .226| -.145| .367| -.039| -.330% .TTA| -.631] .198| .1113} .3620
.9| 92[s0,000|3.05(0 3.05] .415] -.882 .231| -.1k9| .395] -.050] -.333) .779| -.627| .210| .1027) .3460
.9| 60|50,000{3.25|3.70} -.45| .435]| -.883| .231| -.151] .hoo| -.0%52f -.336| .780| -.626| .213} .124k| .3707
.91 76150,000(4,50|1.66] 2.84} .551] -.809| .235| -.158| .ko1| -.051] -.346] .80l -.62L| .220{ .1113| .3620
.21 76{50,000|4.50]1.66| 2.84| .551| -.899] .235|2-.170|%.468|%-.063] -.346] .780| -.624)8.233| .1113| .3620
1.0 76/30,000] .53|".66]-1.11| .17h]-1.000] .300]| -.136] .255| O -.351| .900| -.728] .197] .1113| .3620
1.0| 9230,000| .90l0 .90] .210]{-1.000{ .300] -.1k1| .280| -.009| -.3%1| .910| -.726] .205{ .lo027| .3480
1.0| 60[k0,000|1.00(3.70{-2.70| .218{-1.000| .300]| -.1k2| .286| -.010| -.351| .910| -.725| .206| .124k}{ .3707
1.0| 76}40,000|1.60|1.66|-0.06| .277|-1.000| .300( -.1k9| .320{ -.022| -.35k( .921| -.72L4| .215{ .1113] .36R0
1.0| 60{50,000{2.40]3.70{-1.30| .352|-1.00%| .302} -.155] .351} -.03L| -.355| .930j -.71%| .229] .124L| .3707
1.0[ 76]50,00043.35|1.66| 1.69] .4h6|-1.011] .305| -.160{ .3TT| -.0k5| -.361| .928] -.7i2} .2b7| .Li13} .?2620
1.1 60(30,000( .05[3.70|-3.65{ .11h4|-1.037| .325| -.080| .243| -.028( -.385( .9571 -.792| .204] .rakkj .3707
1.1] 76{30,000} .39}1.66|-1.27| .1hk|-1.031] .37| -.075| .166| -.038| -.380] .961] -.785| .193| .1113f .3A20
1.1| 92[30,000] .75|0 5] 17H|-1.031] .318] -.071| .186| -.ok6] -.372f .965| -.779| .185( .1027]| .3460
1.1]| 6aols0,000] .81(3.70|-2.89| .181|-1.031] .319| -.070| .192| -.0k8} -.371] .965| -.7T7| .183( .1244]| .3707
1.1] 76{4%0,000|1.36{1.66] -.30| .229|-1.031| .320| -.066| .225| -.059| -.365| .968| -.768] .171ii .1113] .32620
1.1| 601%0,000[2.10|3.70|-1.60] .292|-1.025] .321| -.061} .270| -.078| -.359] .970| -.756] .156] .12hL| .3707
1.1| 76)50,000{2.98]1.66] 1.32]| .370{-1.021] .319| -.054 .320} -.092| -.350| .967] -.Tu6| .1k1| .1113}{ .36a2C
1.3{ 60)30,000(-.15{3.70{-3.85| .0B1} -.958( .270| -.073| .090{ -.008| -. .860| -.7ho} .187] .12hkk}| .37GT
1.3f 76)30,000] .15|1.66]-1.51| .102| -.956| .270| -.070| .l03) -.010| -.381| .865| -.735] .180| .1113] .3620
1.3| 60lko,000t .55{3.70[-3.15| .130l -.955] .27} -.065| .121| -.01k| -.379% .869| -.727| .1T1| .12hkhk| .3707
1.3| 76{40,00011.05[1.66] -.61| .16k -.952| .27} -.060| .1b3| -.018] -.371| .873| -.718] .162| .1113} .3620
1.3| 60{50,000]1.65|3.70]-2.0%| .208| -.952| .271| -.055} .179| -.023} -.369| .876| -.708] .150| .124k| .3TOT
1.3| 76|50,000|2.48]|1.66] .82 .264| -.952| .270{ -.050| .202| -.030] -.362] .B77| -.696] .136} .1113] .3620
1.5| 60|ko,000] .36(3.70|-3.34] .097| -.921| .2u5( -.065| .058| -.005( -.360| .820} -.702| .166{ .124k4] .370T
1.5 60|50,000|1.%0|3.70]-2.30] .157] -.918] .2LT| -.055| .080| -.013| -.354| .828; -.683| .1h6| .12LL| .3707
1.5| 76{50,000{2.10{1.66] .4%| .199} -.912| .248} -.050| .100¢ -.017| -.350| .830( -.672] .135] .1113| .3620
1.7} 60]50,000|1.20)3.70j-2.50] .123| -.887| .216| -.053 .OkT| -.005| -.325| .808} -.67%| .1k1| .l244]| ,3707
®Data used rrom extended curves. TRIRACATTT
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TABLE II.- CALCULATED PERIOD ARD DAMPING CHARACTERISTICS

OF THE DOUGLAS D-558-II ATRPLANE
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aVe.luea obteined when dats from extended curves were used in the calculetions.
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Figure 1.- Drawing of Douglas D-55B-II high—speed research airplane.
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FPigure 2.- Variation of moments of inertia about principal axes and
inclination of principal axes with wing loading.
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Figure 3.- Experimental variation of 1ift coefficient with angle of
attack. M = 0.16.
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Figure l.~ Experimental variation of lateral-stability derivatives with
angle of attack. M = 0.16.
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(b) Rolling derivatives.

Figure L.— Continued.
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Figure li.— Concluded.
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Figure 5.- Variation of wing-fuselage and vertical-tail-lift-curve
slopes with Mach number. a = Q°,
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(a) Sideslip derivatives.

Figure 6.~ Calculated variation of the lateral-stability derivatives of
the Douglas D~658-IT airplane with Mach number for two representative
anglea of attack,
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Figure 7.~ Variation of the calculated perlod and rate of damping of the
lateral oscillation of the Douglas D-558-II airplane with Mach mumber
for several wing loadings and altitudes. & = &, - 2% (Flagged
points indicate use of data from extended curves.)
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Figure 8.— Variation of the calculated period and rate of damping of the
lateral oscillation of the Douglas D-558-IT airplane with Mach number:
for several wing loadings and altitudes. & = eq. (Flagged
points indicate use of data from extended curves.,)
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Figure 9.- Variation of the calculated period and rate of damping of the
lateral oscillation of the Douglas D-558-IT airplane with Mach number
for several wing loadings and altitudes. ¢ = g, + 29, (Flagged
points indicate use of data from extended curves.) _
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Figure 10.~ Comparison of calculated damping characteristics of the

Douglas D-558-I1 airplane with the Bureau of Aercnautics criterion
for satisfactory damping. & = gg - 2°.
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Figure 11.- Comparison of calculated damping characteristics of the
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‘Figure 12.- Comparison of calculated damping characteristics of the
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